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CONJUGATION

B. J. Feldman, Robert A.
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University of California

Los Alamos National Laboratory*
Los Alamos, NM 87545

(505) 667-5233

Abstract

We report the first demonstration of uv phase conjugation. lJsing a 15 psec, 2660 k
pulse, O.lt conjugate reflectivities were obtained via degenerate four-wave mixing in 1
samples of CS2 mixtures. While pure C32 did not exhibit the effe t, diiut on in severs
U!I transmitting solvents opened Up a concentration-tunable (24S0 ~ -2850 ~) spectra}
windo , allowing the optical Kerr ?ffect to be utilized.

1
Weaker phase conjugation at

2660 was also observed in other Kerr media and in saturable absorber media.

Introduction

mm

The desirability of phase conjugation in the uv is widely acknowledged, A natural
choice fof an efficient conjugator would be the highly nonlinear liquid CS2. UnfortuRato-
ly, pure CS2 is opaquu over most of the uv spectrum. However, we have found that by
diluting CSZ in uv-transrnitting solvents, the absorption hands are significant ly shifte ,

{opening up a concentration-tunable transmission window in the Important 2450 1 to 2850 i
range. Establishing this transmission window in CS2 allows ono to take
Iorge Kerr effect, which, in the UV, Is enhanced over its visible VUIU .

~dvanta~e of Its

conconr rntion-tunnhle window, we havo obtained u phase-conjugate 2660 f, 0J~tF$2F;~on
in a I mm rnixtu(e (by volume 60t CS2, 401 hcxnno), consistent with the large nonlirlearlty
of CS2.

In degonorate four-wuve niixlng,2 a probe wave impinges upon u nonllnuur materinl that
is illuminutnd by n pair of :ounterpropagntln The medium rorndiutes n fourth
phmse conjugoto wave

[
recisoly retracing tho [~~~~f~a~;s~ho proho wnve uvon though N,,

aberrator muy bo in t o W8Y,

Theso distortion-correcting features of phnso conjugation suggest wldosprend appllcn-
tions, in artlcular in the uv.

K
I:trst, all high-energy uv Iasors aro high-gain cxcinlor

systems, c arnctrrized by severo optical inhomogenoltios. These lasers aro prlmo
cundidatos for luser fusion, Iusor isotope soitaiation, and very lung Jistnrice propagation.
An appropriate conjugator could mlnimlzo th

~ ‘: f/\lghl[
uence of static nborrotions both In tho

laser ond between tho Insnr and the tar et.
r

nhe~rated exclmor laser system
could thus Ire converted into ono provid ng n WO1l”CO1 imnted, highly focusnhle beam, A~ u
second nppllcatlon, uv phase conju ation could be used In conjunct iolt with photolltho ro.

Ephy (or othor Ihser processing tec niquos) to protluco fultramini~turo integrated circu t
cosrponants, Lastly, In the w, optical tr/Ierances are hard to attain; phase conjugation
any permit Inferior olone)~ts in uv optical systems.

Solvatochromism In CS2.— ..,. —— —-, .-.. .

In choosin~ nonllrrenr uv phasu conjugation sanplvs, we sought trnnsporent matorltiln

“th “ “ro”! i
o tic,tl Kerr effect and a short renponne time. A though liquid CS~ Is

uteful (or v si 10 and ir wavolongths it s opaque h low .3600
i

A
broad e:ottronlc absorption bands nt ~100 nnd 22t)tl 1, Nevortl,J~~;Vg~JIJ~ r~llJVl,l
that when CSZ is mixed with uv”trmn~mlsnlve organic solvonts, u window appearn between
the two ahttorptlon h~ndtt who$e width and contrnr froquurrcy depend upon the specific snlvont
and Its Concentration.

Flgurv I shows uv t~nnsmls~l~m curvu~ t’or l-mm-thick s(implux of viII”inu* mitturvq of
rel:guftt grud~ CS~ nnd uv grado haxnnu$

I
l’llt~ rog t>n (,f trnnxpurun~y hrondtrnu and tho l~utik

transmission w~volongth Illllo shifts 1:
~ ‘~llk’~rnnsmi,%iun wfivolongth Mot,],! not hova

,. IJM rho CSZ cont!onttotlon In ioduccd,
without solvont.soiute lnt~ract ion, rto
changed, Aithough qo:vonr Xhiits rot dl utu s ~tum~ oru well .known,” we nru nut nwtit@
of un

\
cnncont rat Iun-dn mttdeftt

1!

r“~tudleri In C!;~. Iuknuet At M)\ CS2 coni’ontrirtlon, tllv
2000 I trnnsmi~$tun i~ Ot, making thi~ mix *ultnhlo 1“01 phnrnu :unJuMiIt ion ot this wave”
length and at the 2680 wavelength of CI14 .Stohtrs’ ~hiftutl krl: ln~er II ht, ‘ o
dllutioll ot th~ C!;z iI\cIau14u* rhv trnnwul~slov m? buth 24U5 1 nnd 2NZ0

“ “’F:’”;;thut Iungor dilute ~amplo~ wotlld he suituhltt phuno cot\luMtitor~ or hri’ untl Xu r ox.cimnl
wnvelengthu ,
@Work performed under tho ahsptces of the U. !3.I)epartmottt of Ilnerity.

,!, ,!, ,, !,,, ,,, !!,,,
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O’iguro 1, I’ransmission spcctrn of l.O-mm.thick CS2-haxane mlxcs.
Iha number associated with each lino refars to the percentage (by
volumo) of CS2 in tho mixture. The trnn~mission lncransos,

and shifts with CS2 dilution. Those curves havu not
octori for the t:rosnol 10ss0s of aur quartz cull.bi 01

In ovr oxpe
[qlliltiruplod Nd

corl

imon
YA(; )

.%, rr
ontu

~xwnta! Satup..— —.

Sinxlc, crrllimoted, S-!rrm-dikrmatcr, 400 }LI, 15 psoc, 2660 ~ pulse
od tho oxporimantfli urran~ament tlopictad in Fig, 2, Tllu pulse



1420!j

first encountered a 90t reflecting beamsplitter, and the larger portion was directed into
a ring to provide counterpropagating pump waves within the l-mm sample, The beam which

fmp.nged( asaprohcb eom)ontot hesaarplea ta300angle. All beams were linearly
assed the 90\ reflecting beamsplitter passed through a SOt reflecting beamsplitter and

polarized in t! same direction, A curved mirror focused the probe beam to a oint beyond
the sampl I.~,ing the diameter at the sample to insure complete n’terlap of t e *hree
beams. A 00% reflector could be placed before the curved mirror as a reference for
evaluati]i,; conjugate reflectivities, Any con”ugate emission retraced the path of the
probo beam, iand a portion was redirected by t e 50\ reflecting beams litter for detection
and analysis. !A uv-sensitive television system (Hamamatsu tube N983 and a video storage
device gave continuous two-dimensional display of each conjugate signal’s spatial profile,
and nanosecond resolution uv-sensitive photomultipliers provided waveforms. A uv-sensi.
tive streak camera measured the various pulse arrival times enabling adjustment of the
various optical paths within 3-mm tolerances,

Experimental Results

With a CS2-hexane solution (60\ CS2 by volume) In a l-mm eel], signals were observed
on the video monitor. Their phase-coniugate nature was confirmed by their disappearance
when blocking either of the two pump beams or the probe beam (blocked between the 501 and
901 beamsplitters), Also, the spot on the video monitor did not move with minor angular
adjustment of the curved mirror, thereby satisfying a one-dimensional aberration test.

Soparote photomultipliers monitored the conjugato nnd the input signals, The 1,S nano-
seconds rosponso hotomultipliers ucted us high-speed cnlor{meters,

r
The con ugote channel

igavo two peuks; t]e true conjugute si nal was preceeded (by 3 ns) by scatter ng from the
50\ boamsplittcr, t;Wo measured only t e hei ht of the second peak, The data arc shown in
Fig, 3, We loost-squares fit the duta to t e equation

1!~ ● n Ein + h(iiin)c, (1)

whoru Es Is tho ohsorvod slKt~al energy und kin Ii tho Input signul energy. The first
term roprcsunts thu residual Iinour scnttorlng. We found n ■ 0,15, h ● [),028, and
c ● 2,95, Tho value of c Is In oxcollont nureoment with tho oxncctod VOIUO of 3.
Lndicntivo of tho ciogonor,lto f

4

our.wltve mlxlng procoss,5

r—-r----.-,. ,,,--,.*----...
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AC the highest input intensities, we obtained 0.1% conjugate reflectivity. To compare
these results to theory, the simple model of degenerate four-wave mixing must be modified
to include nonsaturable absorption. The low-reflectivity expression becomes:

R = [kL&no exp(-at)12, (2)

where k = Q/c, &n. is the nonlinear index char!ge induced by one pump wave at its entry
face, &nd a is the nonsaturable absorption c efficient.

Y
To estimate the induced index

change from the pump, we note that 6n = $nze , where t“ “-
function of one of the pumps.

‘or Csi’ ‘2
- 4.34 x 10 -+~ 3$ ~~O~~~Ov~rl’!#g envelopeWe assume

for a 60? CS2 mix that n2 is reduced y a factor 0.6 (ignoring small lo~al field and
The eak intensity of each pump was 40 MW/cm corres onding to

~~~~e~~~cxc;;~~ ~tl~~~~~gh Eq. ~2), this gives R =0.12%, in ~oodagreement wit~ the
measured value,

The signal vanishes for CS2 concentrations below 5%. Furthermore, introducing a
40 psec delay into either of the two pump paths decreased the 60\ CS2-generater! conjuga-
tion signal by more than one order of magnitude. The signal disa pearance with dilution
and reduction with deluy rule out the roles of solvated electrons 9 and thermal gradients,8
respectively, leaving only the optical Krrr effect in CS2 as the dominant nonlinearity
responsible for our conjugate signals.

Phase conj ~ate signals of approximately ~’)e same reflectivity were obtained for 60\ by
volumu CS2 mixtures in cyclohexanc, ethyl alcohol, 1-2 dichlorocthane, and N-butanol,
These results indicate that the n: of dilute CS2 is note strongly solvent-dependent,
We have also seen waakar phase ~onjugution in pure DMSO, in 1,2 dichloroethane, and
B-carotcnc-hoxonc mixes, Because of the hiflh absorption, no signals were seen in pure
CS2.

In addition to the above Kerr-conjugators, wc hnve studied conjugation in various
sotllrllblc iib~o:h’rs.

i

At pres nt, the procisc mechanism fo
8 [0

the observed effects is not
cleui. Ilcnting, stitur[ltion, and photochemicol reuctions muy ~lny roles. Florescein
in ethyl ulcohol} rhodurninc 6G in water or in ethyl alcob,ol, Kodo AY74U dye io
1,2 dicll]oroothonc, pyrcrru in hoxnnc, and 2-Napthol 6-Sulfonattz ir water (pll 4,S) all
cxhibltcd (),Ol\ conjugiltc rcfloctlvity, Neither wotcr nor othisltol giIvo a signnl.

Conclusion-- .....—...__

In Conclllriono wc hove ohtuinod tho first demonstration uf phusc conjugiltion in the
Uvo l)ocmJsu wc usual ilitrashort piJlscs, sample thicknesses were limited to mi]limetor
dlmcnsionst Ior Iascrs with grcotor cohcroncu lengths, thicker somplcs c
corresponding) hiMhcr con]ugotc rcfloctivitios. Rcccntly, Murruy et iI1.

yyld ho used with
IJSCIJ intro-

cllvlty ctolon tcchn qucs to rcduco the 5 X frcc- runnlng Jiri Ioscr Iinuhidth to ().1S cm-l,
UII(Iitowkin$ ct Ill . 1! usctl tirl: umpllflcut ion of frequency-ciouhlwd dyo lnscr PUISCS to
ohtoin [).005 cnl-l hondwidtlls, IIICSC narrow.bond l~isur iysroms shni]ld ollow”cnnjugntc
rcfloctivltiu% appronchlng 100\ in thicker cl’lls contoinirtg somo of the Kerr
utlsorbor mcdiil rcportud hors,

unil saturable

Wu nil’ I/r’otuflll t{) J, 1:, I;lgut!irn for %Ilp)ot’t nnd cncollragcmcnt, to 1, *J,
l{, ‘1 v. Kung, Ulld G, A, Fiu,lnay-wnllnco for lclpful ,Iiycllssions, {Ind to R, (i
und k, R, Wlnn ft)r tochnlcni t~ssist{lncc, s, l,, Shnplro’:! proserrt nddrcss Is
l)tlr~nu of !+tilndot(ls, Ii{l’lhinuton, l], C, Work pclformed undur thu nuspicex of’
l)dpnrtmcnt of l:ner~y,

ni$io,
I’orcovlch

Nationul
the U, s,

cr and IS
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